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© System for stereotactic radiotherapy with a computerized tomographic scanning system. 
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© A linear accelerator having an X-ray head for 
emanating X-rays and a CT scanner are provided 
opposite to each other. The X-ray head is provided 
to be rotated about a horizontal axis, and such that 
the X-rays intersect the horizontal axis at an isocen- 
ter. A treatment couch is movably mounted on a 
base. After CT scanning, the treatment couch is 
moved onto a turntable beneath -the X-ray head of 
the linear accelerator by the base, so that an af- 
fected part of a patient, of which position is stored in 
a memory at CT scanning, may coincide with the 
isocenter in accordance with the stored position. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a system for 
stereotactic radiotherapy using a computerized 
tomographic scanning system as an on-line con- 
troller, and more particularly to a system for a 
stereotactic radiation therapy with a linear accelera- 
tor which is operated in accordance with informa- 
tion obtained by the computerized tomographic 
scanning system. 

Referring to Figs. 1 and 2 showing a conven- 
tional linear accelerator LA, a rotating frame 2 
having an X-ray head 4 is rotatably mounted on a 
base 9 so as to be rotated about horizontal axis 1 . 
The X-ray head 4 is provided such that an axis 3 of 
X-ray beams intersects the axis 1 at an isocenter 5. 
Consequently, reciprocative rotation of the rotating 
frame 2 causes the X-rays to always pass the 
isocenter 5, which means that the X-rays con- 
centrate to the isocenter 5. Therefore, an affected 
part of a patient is effectively treated. 

However, in the conventional system, since the 
X-rays reciprocate in the same plane, other healthy 
parts in the plane may be affected by the radiation. 

On the other hand, the position of the lesion is 
determined by the eye-measurement of the oper- 
ator in accordance with CT (Computed Tomog- 
raphy) scan data or data obtained by MRI 
(Magnetic Resonance Imaging) which were ob- 
tained at another place before the treatment 
Therefore, the X-rays controlled by the eye-mea- 
surement not always are irradiated to the lesion. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention 
is to provide a system which may exactly irradiate 
X-rays to an affected part. 

Another object of the present invention is to 
minimize the dose of X-rays to other parts than the 
lesion. 

According to the present invention, there is 
provided a system for stereotactic radiotherapy 
comprising a first apparatus having a head for 
emanating an ionizing radiation, the head being 
provided to be rotated about a horizontal axis, and 
such that the ionizing radiation intersects the hori- 
zontal axis at an isocenter, a second apparatus for 
taking a tomographic image, which is installed on 
the same floor as the first apparatus and has a 
center for the tomographic image, a base movable 
between the first and second apparatuses, a treat- 
ment couch horizontally movably mounted on the 
base, feeding means for feeding the couch with 
respect to the base to a longitudinal direction (Y) of 
the base and for feeding the couch within a vertical 
(X-2) plane perpendicular to the direction (Y), posi- 
tioning means for positioning the base in the sec- 
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ond apparatus so that the positional relation be- 
tween the center and the base coincides with the 
positional relation between the isocenter and the 
base, storing means for storing data on a particular 
5 position in the tomographic image, control means 
for controlling the feeding means so that the ioniz- 
ing radiation is irradiated to a part in a patient on 
the couch dependent on the stored data of the 
position. 

w In an aspect of the invention, the first apparatus 

is a linear accelerator having an X-ray head and 
the second apparatus is a CT scanner. 

In the system of the present invention, the CT 
scanner is placed opposite to the linear accelerator, 

75 and the treatment couch is used for both of the CT 
scanning and the radiation therapy by the linear 
accelerator. Immediately after the CT scanning, the 
treatment couch is moved onto a turntable beneath 
the X-ray head of the linear accelerator. The treat- 

20 ment is proceeded at the isocenter of the linear 
accelerator, while the turntable is continuously 
rotated about a vertical axis. 

A beam of X-rays is collimated as slender as 
possible (about 5 mm in diameter). The beam 

25 passes through the isocenter during the continuous 
and reciprocative rotation of the X-ray head about a 
horizontal axis. On the other hand, the base and 
the treatment couch on the turntable is slowly 
rotated (half revolution per treatment) around the 

30 vertical axis passing through the isocenter. Thus, 
the slender X-ray beam is focused at the isocenter, 
whereas the path of the beam passes through the 
body of the patient only one time. As a result, the 
dose of X-rays to tissues outside the lesion can be 

35 reduced to a minimal amount. Thus, the X-ray 
beam forms a "radio-spot" at the isocenter. 

For the treatment, the whole region of the 
lesion must be scanned by the radio-spot. For this 
purpose, the couch is moved with respect to a 

40 base thereof by servomechanisms. The ser- 
vomechanisms are controlled by signals obtained 
by the CT scanner. To realize the production of 
precise CT data and exact irradiation of X-rays, 
matter of vita! importance is to keep the lesion 

45 immobile to the treatment couch, during the time 
from the beginning of CT scanning to the end of 
treatment. 

In the treatment, the center of the image plane 
of CT scanning must accurately correspond to the 
50 isocenter of the linear accelerator. Therefore, the 
mechanical alignment of the base, to the CT scan- 
ner and to the turntable of linear accelerator is 
ensured in the system. 

The present invention is described in detail 
55 with reference to the accompanying drawings. 
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BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 shows a side view of a conventional linear 
accelerator; 

Fig. 2 is a front view of the linear accelerator; 
Fig. 3 is a side view of a linear accelerator used 
in the system of the present invention; 
Fig. 4 is a side view of the system of the 
present invention; 

Fig. 5 is a front view of a CT scanner in Fig. 4; 
Frg. 6 is a side view of the system at CT 
scanning; 

Fig. 7 shows a CRT screen; 

Fig. 8 is a schematic diagram showing a control 

system; 

Fig. 9 illustrates a CT image on the CRT screen 
showing a brain tumor; 

Fig. 10 is an enlarged view of the tumor in Fig. 
9; and 

Fig. 11 is a side view of the system at the 
treatment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to Fig. 3, a treatment couch 6 is 
mounted on a base 7. The base 7 is movably 
mounted on a rail 11 on a turntable 10 and 
clamped to the turntable. The turntable 10 is pro- 
vided to be rotated about a vertical axis passing 
the isocenter 5. A controller 18 is provided for 
controlling the rotation of the turntable. The couch 
6 is moved by servomechanisms equipped in the 
base 7 which will be described hereinafter. The Y 
direction of motion of the couch 6 coincides with 
the longitudinal axis of the base 7. The Z direction 
is vertical. 

Referring to Fig. 4, a CT scanner CS having a 
gantry 12 is provided opposite to the linear accel- 
erator LA. A rail 8 is installed between the linear 
accelerator LA and the CT scanner CS. Reference 
numeral 13 designates a center of the CT image 
which is center of the CT scanner as shown in 
Figs. 4 and 5. The base 7 of the couch 6 can be 
moved on the rail 8 to be positioned in the CT 
scanner CS. 

The center 13 is located on the same coordi- 
nate axis Y as the isocenter 5 of the linear accel- 
erator LA and is adapted to be marked on each 
image of CT slices. The center 13 serves as a 
virtual isocenter for the CT scanning. As described 
hereinafter, the mark of the center on the CT image 
is moved as the motion of the isocenter 5 relative 
to the lesion, during the irradiation with the linear 
accelerator. 

Referring to Fig. 6, the base 7 of the couch 6 is 
clamped to the gantry 12 of the CT scanner, so 
that the positional relation between the virtual 
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isocenter 13 and the base 7 may exactly coincide 
with the positional relation between the isocenter 5 
and the base 7 at the treatment by the X-rays. 

Fig. 7 shows a CRT screen 14 in which the 

5 reference letter A designates a center position cor- 
responding to the virtual isocenter 13 and BT 
shows an image of a brain tumor at one of the 
slices. Image data of each slice of CT scanning are 
read and stored in image memories like a conven- 

10 tional CT scanner. In addition to the image data, 
control data for the servomechanisms are also 
stored in control memories as described 
hereinafter. 

The control data are generated on the CRT 

75 screen 14. A mark in the form of a plus at the 
center position A is temporarily located at the posi- 
tion. The plus mark can be moved from the posi- 
tion A to a position B in the X-Z plane by moving a 
tip of a light pen 1 5 on the screen from A to B. The 

20 increments AX and AZ of the movement of the 
mark from A to B are read and stored in X and Z 
control memories respectively. The incremental 
data AX and AZ are used to control the couch 6 
relative to the isocenter 5 at the treatment with the 

25 linear accelerator. 

Referring to Fig. 8, the control system has a 
memory 16 for controlling the servomechanisms of 
the couch. The memory 16 comprises an X control 
memory 16a, a Z control memory 16b, a slice 

30 number memory 16c and a Y indexing memory 
16d. The X control memory 16a is operatively 
connected to an X servomechanism 7a in the base 
7 to feed the couch 6 in the X direction. Similarly, 
the Z control memory 16b is connected to a Z 

35 servomechanism 7b. The Y indexing memory 16d 
is connected to a Y servomechanism 7c to index 
the couch 6 in the Y direction by an increment AY. 

In operation, the base 7 is clamped to the 
gantry 12 of the CT scanner, until the end of CT 

40 scanning. The longitudinal axis of the base 7 along 
with the Y direction of the couch 6 is perpendicular 
to the plane of CT image 14. At first, a scout view, 
like conventional radiography, is taken by feeding 
the couch in the Y direction. Then the position of 

45 the lesion is identified and the three coordinates 
Xo, Y 0 and Zo of an extreme end point Po of the 
lesion, which corresponds to the position B of a 
first slice, are decided and memorized in the 
memories 16a, 16b, 16c and 16d by inspecting the 

so scout view along with precise information of CT or 
MR image and so on, which were obtained at 
another diagnosis division. 

The CT slices are taken as usual by starting 
from the coordinate Y 0 and by moving the couch 6 

55 in the Y direction with an interval AYo. The mag- 
nitude of interval AYo is determined by taking the 
equivalent diameter of the radio-spot into consider- 
ation, and all AY 0 feeds are m morized in the Y 
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indexing memory 16d together with other Y move- 
ments of the couch. After the CT scanning is 
finished, the Y coordinate of the couch is reset to 
the initial coordinate Yo. 

Thereafter, the base 7 is undamped from the 5 
gantry 12 and moved on the rail 8 to the position 
on the turntable 10 as shown in Fig. 11. The 
distance of this horizontal movement of the base 7 
on the rail must be equal to that between the 
isocenter 5 and the center 13 of CT image plane. io 
The latter distance is physically determined at the 
initial installation of the linear accelerator and the 
CT scanner. 

Referring to Fig. 9 showing one of the slices, 
the plus mark of the virtual isocenter is at the 75 
position A. Then the mark is shifted to the position 
B corresponding to an upper extreme point of the 
tumor by operating the light pen. Thereafter, a 
physician makes a decision of the region of interest 
to irradiate. The region is encircled with the light 20 
pen, so that a contour line 17 is imaged on the 
screen. 

The screen is divided into a plurality of posi- 
tions. Then, pushing a switch button initiates an 
automatic zigzag scanning motion of the mark with- 25 
in the encircled region on the X-Z plane as shown 
in Figs. 8 and 10. The interval of the zigzag motion 
is determined by taking the equivalent diameter of 
the radio-spot into consideration. At the same time, 
the increments AX and AZ of all movements of the 30 
mark, such as the movement from A to B and the 
zigzag motion are stored in the X and Z memories 
16a, 16b respectively. Namely, the coordinates of 
the positions on the contour line 17 are stored in 
the X, Z memories 16a, 16b and all positions in the 35 
contour are also stored in the memories. The 
memorizing operation is performed on all slices. 

The treatment with the radio-spot is started 
from the point P 0 . The actual point P 0 (Fig. 11) is 
automatically coincided with the isocenter 5 by 40 
controlling the X and Z servomechanisms 7a and 
7b in accordance with the data stored in the 
memories 16a and 16b at the initial inspection of 
Po. The Y axis control is started from Y 0 of the 
extreme end point Po. The interval AY 0 at the 45 
treatment is determined to be equal to that in the 
CT scanning. On the other hand, the base 7 and 
the couch 6 are slowly rotated about the vertical 
axis in accordance with the turntable control with a 
controller 18 in Fig. 11 so as to make half revolu- 50 
tion per treatment. The X-ray head 4 in Fig. 11 is 
continuously and reciprocatively rotated. 

The X and Z servomechanisms 7a and 7b 
control the relative motion of the radio-spot in each 
slice. The radio-spot is actually fixed at the isocen- 55 
ter 5 of linear accelerator, therefore the couch 6 is 
mov d in the X-Z plane relative to the base 7 so as 
to make the radio-spot cover the whole encircled 



region. 

From the foregoing, it will be understood that 
the present invention provides a system which may 
exactly irradiate X-rays to an affected part and 
minimize the dose of X-rays to other parts than the 
lesion. 

While the invention has been described in con- 
junction with preferred specific embodiment there- 
of, it will be understood that this description is 
intended to illustrate and not limit the scope of the 
invention, which is defined by the following claims. 

Claims 

1. System for stereotactic radiotherapy compris- 
ing: 

a first apparatus having a head for emanat- 
ing an ionizing radiation, said head being pro- 
vided to be rotated about a horizontal axis, and 
such that the ionizing radiation intersects said 
horizontal axis at an isocenter; 

a second apparatus for taking a tomo- 
graphic image, which is installed on the same 
floor as the first apparatus and has a center for 
said tomographic image; 

a base movable between said first and 
second apparatuses; 

a treatment couch horizontally movably 
mounted on said base; 

feeding means for feeding said couch with 
respect to said base to a longitudinal direction 
(Y) of said base and for feeding said couch 
within a vertical (X-Z) plane perpendicular to 
said direction (Y); 

positioning means for positioning said 
base in said second apparatus so that the 
positional relation between said center and 
said base coincides with the positional relation 
between said isocenter and the base; 

storing means for storing data on a par- 
ticular position in said tomographic image; 

control means for controlling said feeding 
means so that said ionizing radiation is irradi- 
ated to a part in a patient on said couch 
dependent on said stored data of the position. 

2. A system for stereotactic radiotherapy accord- 
ing to claim 1 wherein the first apparatus is a 
linear accelerator having an X-ray head. 

3. A system for stereotactic radiotherapy accord- 
ing to claim 2 wherein the second apparatus is 
a CT scanner. 

4. A system for stereotactic radiotherapy accord- 
ing to claim 1 further comprising a turntable 
provided to be rotated about a vertical axis 
passing through said isocenter, and for se- 
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curely mounting said base. 

5. A system for stereotactic radiotherapy accord- 
ing to claim 1 wherein said feeding means 
comprises three servomechanisms for moving 5 
said couch in said longitudinal direction (Y) 

and within said vertical plane (X-Z). 

6. A system for stereotactic radiotherapy accord- 
ing to claim 3 wherein said feeding means is w 
provided for intermittently feeding said couch 

in said longitudinal direction with a regular 
interval for producing a plurality of CT slices. 

7. A system for stereotactic radiotherapy accord- is 
ing to claim 6 further comprising means for 
moving a mark on a CT image, and first stor- 
ing means for storing a position of a trace of 

the movement of the mark, second storing 
means for storing a position of said couch with 20 
respect to said base in said longitudinal direc- 
tion at every CT slice, and said control means 
being provided for moving said couch in said 
linear accelerator in accordance with the stored 
positions by said first and second storing 25 
means. 
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@ System for stereotactic radiotherapy with a computerized tomographic scanning system. 



@ A linear accelerator (LA) having an X-ray head 
(4) for emanating X-rays and a CT scanner (CS) are 
provided opposite to each other. The X-ray head (4) 
is provided to be rotated about a horizontal axis, and 
such that the X-rays intersect the horizontal axis at 
an isocenter (5). A treatment couch (6) is movably 
mounted on a base (7). After CT scanning, the 
treatment couch (6) is moved onto a turntable (10) 
beneath the X-ray head (4) of the linear accelerator 
by the base (7), so that an affected part of a patient, 
whose position is stored in a memory during CT 
scanning, may coincide with the isocenter (5) in 
accordance with the stored position. 
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